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1.0 ABSTRACT

A summary of the status of the entire program is described in detail.

A few tubes have been exhausted and RF tests completed on one tube. Assem-

blies have been built up to provide for the contractural delivery of ten

during December. Trouble is being encountered in building efficient cavities

for the project.
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2.0 PURPOSE

One of the objectives of this contract is to further the work of contract

I DA 36-039-SC-75069 and permit refinement of assembly techniques and standardi-

zation of processes and procedures which would result in a more manufacturable

product. Parts processing in larger quantity along with tolerance tightening

of both the parts and sub-assemblies will result in narrower tube specification

limits for more consistent tube usage.

I The objective test requirement is the General Electric Proposed Military

Specification Sheet, Type Z-5267 dated 4 May 1962. The specification defines

a ruggedized metal-ceramic planar tetrode which will produce 40 watts as a

CW amplifier at 3000 megacycles. It includes a 400 G shock test, 50 to 1000

cycle vibration at 15 G and a 200 C ambient and 1F life tests.

Forty engineering tubes will be supplied to evaluate various assembly

improvments and aid in writing a final specification. Ten pre-production

tubes will be supplied to this specification. In addition, seventy-five

shippable tubes per month final production capability will be demonstrated.

Process studies will be conducted and included in an over-all Inspection

and Quality Control Manual. In addition, a complete plan for producing 200

tubes per month will be submitted.
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3.0 NARATIVE AND DATA

At the start of assembly operations, it was discovered that the low

volume of initial work on this tube made daily production processes impracti-

cal. Thus some time was spent building up a backlog of assembly parts before

final tubes could be started. Although only four tubes were built and exhaust-

ed during this period, an additional backlog of parts is available to continue

production.

The first tube exhausted showed some gas on the initial aging step which

cleared up overnight. All initial aging to date has been accomplished on the

static test set so that the actions of the currents, voltages and gas clean-

up could be observed during the aging-in process. IR aging was continued in

one of the amplifier cavities built on the previous contract. It was found

that this tube resonated at about 2850 megacycles which is below the low test

limit. A check back on the assembly data showed that it had a close screen-

to-plate output gap which would naturally result in the low frequency data

observed. After RF aging, operation at ful, ratings indicated power output

saturation at 20 watts. The reason for this low power output is not com-

pletely understood at this time, although the static characteristics of the

tube indicate lower than normal positive grid currents.

Tube number 2 showed an initial grid-to-screen short which, when burned

out.with voltage, promptly produced a grid cathode short. Burning out of the

latter showed good performance on initial DC aging. However, subsequent aging

again produced a grid cathode short. Upon burn out of this short, both the

grid and screens were destroyed, ruining the tube.
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At this time tube number 3 and 4 are still in the DC aging process.

Tube number 3 shows poor long pulse emission, but it has not yet had any RF

operation. Tube number 4, on the other hand, shows good long pulse emission

without any RF aging. Both of these tubes will be given RF operation upon

completion of DC aging.

3.1 TOLERANCES AND FIXTURES

Little difficulty has been encountered in making the parts

to a diameter tolerance of + 0.003 inches versus the previous

outline dimension of + 0.005 inches. It was felt necessary

to tighten the part dimensioning in order to insure that the

outline dimension was not exceeded during the stress relief

of firing and brazing of parts.

A study of the cross sectional drawing on the next page will

reveal that this is a single ended tube, plugging into the cavity

from the anode end. The anode, screen, grid and cathode contacts

are rounded in this direction for easy cavity insertion. The

heater contacts must be put on from the other end. It was dis-

covered that the heater number 1 part had a sharp lip on the

side of contact insertion. Heater number 2 does not have a sharp

lip because the heliarc weld at this lip gives a rounded corner.

It was felt advisable from an application and user standpoint to

roll the edge of heater number 1 so that no marring of contacts

would occur.

All of the fixtures for tube assembly have been received, ex-

cept a few placed on an outside vendor due to heavy shop load
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within the General Electric Company. No slow down of tube assembly

has resulted due to the availability of other fixtures for this

work.

3.2 ANODE CERAMIC

Fixtures have been made with a split ring for use in centering

the anode ceramic.

3.3 MOLXBMDM CONTACTS

The slots in the molybdenum contacts are punched in the flat

strip form, rolled and formed to a circular shape. Initial trials

showed difficulty in getting a close enough fit to the support in

order to insure brazing. A nickel tab is tack welded across the

slit in the molybdenum contact and serves as a very satisfactory

holder so that no further brazing problems have been encountered.

This has eliminated the previous slotting after drawing% and sub-

sequent hardening of the molybdenum, which caused flaking of chips

resulting in tube element shorting.

3.4 SUPER DBY HYDROGEN

Both molybdenum contacts, in the slit form above, are brazed

using nickel-gold solder in line hydrogen. This eliminates the

super dry hydrogen brazing formerly used on both of these parts.

The only remaining super dry hydrogen operation is that used in

Joining the two grids in the grid package. Tests will be made

early next year to determine whether standard molybdenum-manganese

brazing will be satisfactory on this grid package. If so, super

dry hydrogen will be eliminated altogether.
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3.5 EXHAUST SETS

The major portion of the exhaust sets have been rebuilt. Plans

are to cover the bottom part of the set with cabinets in order to

facilitate keeping the exhaust area clean. The ovens will be con-

trolled by an automatic temperature controller.

Tubes to date have been run one at a time on an older exhaust

set. The bake-out and breakdown schedules have been varied on

the first four tubes to determine an optimum schedule. Diffi-

culty was encountered in trying to reach the 5500C bake out

temperature by burning out a 250 watt lower calrod unit. 350

watt heaters were ordered which also promptly burned out. A

discussion with the vendor revealed that we should leave an air

space between the calrod and any insulation or mount the calrod

on a metal plate. The exhaust set is now being modified to leave

an air space.

The initial trial of the cathode grinding fixture occasionally

produced a gouge in the cathode. In addition, it appeared to give

variable heights during grinding. A careful check of the fixture

showed a small burr under the cathode. Upon removal of the burr,

the grinding fixture operated satisfactorily with a tolerance of

0.0002 to 0.0003 inches.

3.7 RADIATOR

No effort was spent on producing a reuseable radiator during

this period due to efforts toward building operable tubes. This

I
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work is scheduled to commence after the first of the year.

3.8 ANOLE SLOTTING

After delivery of tubes due in December, some tubes will be

built without anode slots to determine whether they are necessarj

to prevent secondary emission from the anode.

3.9 SCREM CMRM

The high precision grid winding lathe is operating satisfactori-

ly.. New mandrels have been made and are in use. The screen wire

diameter is 0.0008 inches and hid behind every other 0.0012 grid

wire. This is necessary to keep the scr3en dissipation low enough

so as to prevent burn outs. Even though the glid lathe is of the

high prevision type, it is necessarj to respace some of the grid

wires by hand after winding to insure good line up.

Some trouble was encountered during BF operation of trbe number

1 which was attriLutable to primary screen emission. This appear-

ed to load the output cavity and prevent sufficient swing of plate

current to give good output power. Continued 1F operation, even in-

to the negative screen current region, appeared to minimize the

screen emission effect. However, tube number 1 saturates on power

output at about 20 watts. This may be due to its low resonant

frequency and consequent mis-match to the cavity.

3.10 AXPLIFIR TEST SET

The 3000 megacycle driver-oscillator has been finalized and

operates with a rectified EF feedback signal to hold constant

power output. There is also a built in frequency cavity which
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gives a meter indication at 3000 megacycles + about 15 megacycles.

The old amplifier from the previous contract consisted of a

wave guide input cavity and a circular output cavity. Tuning of

this circular cavity is restricted to about + 15 megacycles. The

difference between tubes is considerably greater than this frequency

range. In addition, tuning of this circular cavity is very critical

because of its small external dimensions compared to the tube itself.

We are working on a double wave guide cavity to replace the old

amplifier test cavity. It is intended that the new cavity shall

tune at 3000 megacycles and have sufficient tuning range to cover

all tubes. According to the final report of the previous contract,

each tube was optimized for power output by tuning plate current

and screen voltage. It was discovered that plate current and

screen voltage have the same effect as tuning the cavity mechani-

cally. It is felt that the tube can be operated under fixed plate

voltage, plate current and screen voltage conditions with a fixed

drive. Although the new cavity is improving gradually in power

output, it has yet to achieve the performance of the old cavity.

3.11 1W STABILIZIMK AID LI MT

To date we have done all RF stabilizing in the old amplifier

test cavity. Effort has been spent on several m~difications of

an oscillator cavity at 2500 megacycles. This is also a double

wave guide cavity design. Although the power output is increasing

gradually it is still much below the proposed objective power output.

Present efforts are being expended toward optimizing cavity impedance
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to more closely match the tube.

3.12 MISCELLANEOUS

Complete production drawings for the tube have been made. En-

gineering is reviewing these drawings and issuance awaits approval.

The next three pages show photographs of equipment as follows:

a. Low Voltage Aging Rack

b. Static Characteristic Test Set

c. BF Amplifier Power Supply & Oscillator
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4.0 CONCLUSIONS

Tube building has progressed on a somewhat slower schedule than had

been originally anticipated. However, it is believed at this time that the

scheduled ten tube delivery will be made on December 24. Aside from delays

in tube building, the primary problem now appears to be in the BF cavity op-

eration in both the amplifier test cavity and the stabilizing and If a test

oscillators. However, progress is being made n both of these areas.
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5.0 PWOGAM FOR THE M IWRVAL

The next quarter will be spent in building up the production rate of

tubes, trying out the new exhaust sets,9 and completing all EF test equipment.

Most of the tubes due on the next delivery date will be built during the next

quarter, along with complete specification testing including some life test.

The reaining unfinalzed item of Section 3.0 will be tried and specified.

I
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6.o PuICATIO1, REPORTS AMD CONFE .

6.1 PUBLICATIONS - None

6.2 WORTS - Monthly Report No. 3
P24 for the Z-5267, 40 Watt, 3000 Mc Tetrode
by V. W. Amoth for the period from
1 August 1962 through 31 August 1962

monthly Report No. 4
mD for the Z-5267, 4o Watt, 3000 Mc Tetrode

by V. W. Amoth for the period from
1 September 1962 through 30 September 1962

Monthly Report No. 5
PzK for the Z-5267, 4o Watt, 3000 Mc Tetrode
by V. W. Aoth for the period from
1 October 1962 through 31 October 1962

Quarterly Report No. 1
Psm for the Z-5267, 4o Watt, 3000 Mc Tetrode
by V. W. Amoth for the period from
23 MY 1962 through 31 August 1962

6.3 CO None
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7.0 PERSONNEL

Engineering personnel qualifications not previously included in a previous

report are described on the following page. Time spent on the program during

this report period was as follows:

V. W. Amoth 228 hours

T. Bogucki 496 hours

W. H. Grant 63 hours

L. K. LaDue 48 hours

C. T. Jackson 145 hours

W. V. Shipley 360 hours

J. W. Stuart 3. hours

Al. other technical 12 hours

Total 1,786 hours

Submitted by:

V. W. AMoth
Senior Design Engineer
Planar Tube Product Design
beceiving Tube Department

Approved by

H. L. Thorson
Manager Engineering
Planar Tube Product Design
Receiving Tube Department
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MR. CHARLES T. JACKSON - EQUIMM ENGINEER - ENGINEERING TEST LABOPATOIY

Mr. Charles T. Jackson attended the University of Kentucky School of

Engineering after serving thirteen months in the Navy as a radar technician.

Since coming to General Electric he has held a variety of positions and

I is currently an equipment engineer in the Engineering Test Laboratory with

responsibility for practical designs for new equipment to meet improved test-

ing requirements, and to improve designs on existing equipment.
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